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DISCUSSION BEFORE THE INSTITUTION, 16 MARCH, 1916.

Merz. Mr. C. H. MERZ : The author refers to what has been
done with extra high voltage, and the idea of the double-
armature motor is, I presume, largely, if not entirely, due
to him. The great advantages which it possesses from the
point of view of high-voltage working are obvious. The
fact that it has not only been developed but applied to
service so quickly is characteristic of American practice.
It is extraordinary, when one considers the advantages of
regeneration from the point of view of wear and tear of
rolling stock, brake equipment, rails, etc., that more has
not been done with it in all countries. Until quite recently
I suppose the only place where it has been extensively
used is in connection with 3-phase work in Italy and Swit-
zerland, where it has been proved to be a great success
and of considerable commercial advantage. The Giovi
line is, I think, one of the best examples of that kind.
Regeneration has been greatly simplified, from the point
of view of continuous-current working, by the develop-
ment of commutating-pole motors, but in this country
there is no instance of its use on stopping services,
although we have now a great deal of suburban work (on
which regeneration ought to be particularly useful). The
use of a high voltage should, I think, simplify its trial and
adoption, because in such instances a dynamotor or similar
apparatus is essential for supplying current for the control
circuits, lighting, compressors, etc., and that piece of
apparatus can be economically used for so exciting the
fields of the series motors in different combinations as to
obtain regeneration ; for I agree with the author that the
series motor is not likely to be abandoned, and with high
voltages and dynamotors or motor-generators I do not see
that this should be necessary. The concluding theme of
the paper is perhaps the most interesting. The author
there in effect urges us to standardize our voltage without
delay. I think most people would admit that a third rail
at 600 volts must be taken as one standard, in view of the
large and increasing use of this system in the neighbour-
hood of London. We must also have a standard at higher
pressure, since we cannot do everything at 600 volts. I
believe that before many years have passed there will be
a large amount of electric railway work in this country.
Anyone who has taken out statistics of the traffic on our
various lines need not go very far in his calculations to
prove that there is a very great advantage in handling our
very dense traffic electrically, and particularly goods traffic.
If we are to handle the main-line goods traffic electrically
between large industrial centres, a higher voltage than 600
will certainly be necessary. Having said that, however, I
think the matter is not quite so simple as the author sug-
gests. To begin with, it cannot yet be stated positively
whether the third rail or the overhead wire is going to be
more generally adopted for main-line work in this country.
In the United States the distances are so long and the
traffic is, comparatively speaking, so much less dense, that
to carry out electrification economically it is necessary to
adopt fairly high voltages. A pressure of .3,000 volts has
now been adopted on a very large scale, and reference is
made in the paper to the use of 5,000 volts. I suppose they
will eventually have a standard voltage of certainly not less

than 3,000 for main-line work. But 3,000 volts could not Mr. Men.
be used with a third rail—certainly not in this country,
where the clearances between the rolling stock and the
structure gauge are very small. I think the question of
whether a third rail or an overhead wire will be adopted
for standard main-line work in this country will have to be
determined before we can expect finally to standardize a
higher voltage. If the third rail is not going to be adopted
for main-line work except in very special instances, it
would certainly be advisable to choose a higher upper
standard than would be possible if we were going to take
for that upper standard a voltage that would be suitable for
third-rail work. As is now generally known, the Lancashire
and Yorkshire Railway are either just starting up or have
started up a third-rail system at 1,200 volts, and so far I
believe it has run with remarkable success. It has the
great advantage that the pressure chosen is exactly double
600 volts, and if it were generally adopted it would no
doubt be possible to use the same design of third rail up to
say 1,500 volts, so that 1,500 volts in that case would be a
very good upper standard and would admit of o\'erhead-line
work at the same voltage. If on the other hand we are to do
without third-rail working altogether, it is perhaps doubtful
whether 1,500 volts is quite high enough for overhead-line
main-line work for the country as a whole. While, there-
fore, I quite appreciate what the author says about the
benefits of standardization, and feel that from a manufac-
turing point of view it is much to be desired, I doubt
whether we should really hasten it in this country by
attempting at the present moment finally to state whether
we require for our upper standard pressure 1,200 or 1,500
volts or some such figure, or alternatively 3,000 volts or
some such figure.

Mr. R. T. SMITH : Referring to a paper which I read Mr- Smith,
before the Institution two years ago* in which the per-
formance of electric locomotives fitted with series motors
was compared with that of steam locomotives, the author
says that I did not do justice to the former. I should like
to point out that my criticism was exclusively confined
to fast passenger services with train loads on British
railways and entirely under British conditions. Under
these conditions, and these conditions only, I said that
no electric locomotive had then been built anywhere
which, between speeds of 70 and 80 m.p.h., could develop
1,100 h.p., which was being developed every day by steam
locomotives employed in fast passenger service in this
country. The author shows on page 523 that the Pennsyl-
vania 4—4 + 4—4 articulated locomotive, which I believe
weighs 140 tons, can develop 1,200 h.p. at 76 m.p.h.
Fig. A, prepared from Fig. 3, gives the tractive character-
istics of that Pennsylvania locomotive. One curve with
normal field and the other with full field show the tractive
effort of the locomotive plotted against speed. The
tractive effort at the rims of the wheels includes the
force needed to propel the locomotive. Against it, and
to the same scale, I have shown the draw-bar pull of a
Great Western Railway 4—6—o steam passenger locomotive
using only saturated steam. The draw-bar pull excludes

* Journal I.E.E., vol. 52, p. 293, 1914.
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Mr. Smith, the force needed to propel the locomotive. The charac-
teristic of the steam locomotive is such that from about
15 m.p.h. up to 80- m.p.h. the engine gives practically
constant output. The steam locomotive weighs 75 tons,
and the electric locomotive 140 tons. In order to develop
the same power as the steam locomotive at a speed of
76 m.p.h. the electric locomotive must, at low speeds,
be able to develop 4,000 h.p., and, what is worse, we
have to pay for that ability. The electric locomotive,
in order to do what steam locomotives are doing every
day on the Great Western Railway, must weigh nearly
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FIG. A.—Curves of draw-bar pull (steam loco.) and
tractive effort at wheel-treads (electric loco.)
plotted against speed.

twice as much and cost nearer to four times than three
times the cost of the steam locomotive. That is the reason
for my criticism. What I stated in 1914 was not strictly
true. An electric locomotive had been built to equal
the steam locomotive at top speed, but in order to achieve
this result, its size and cost are out of all proportion to
its steam rival. I want to emphasize again that these
criticisms of the series-motor characteristics for electric
locomotives apply to fast passenger service only. For goods
and for mineral working the series characteristic is
satisfactory where it is unnecessary to go to high speeds.
In the first section of the paper the author admirably
defends the qualities of the series motor. The first great
improvement to the plain series motor that the author

notes is that of field control, which has been made possible Mr. Smith
by the commutating pole. The second great improve-
ment is regenerative control, which has been fully touched
upon by Mr. Merz. Unfortunately we have as yet no
particulars of the method used by the Westinghouse
Company, but I understand that what the author claims
in the paper has been very amply justified by the experi-
mental results so far obtained. From the railway point
of view, and looking not only to suburban working but
beyond that to goods and mineral haulage by electric
locomotives, which I personally believe to be the most
useful immediate field for electric traction, field control,
together with regenerative control where the latter is
required, seem to be the additional features needed
to enable the series motor to do what railway people
require of it. For a 4-motor equipment the author has
shown that eight switches are essential for field control; we
do not know how many switches are necessary for regene-
rative control, but the two together cannot demand much
less than 20 switches. It should be borne in mind that
if we believe in these two features we must have, apart
from the switches needed for series-parallel control and
for any change in pressure, at least 20 switches. I
quite agree with Mr. Merz that we are not yet in a
position to agree what our standard high pressure
ought to be. For suburban and branch-line working,
in addition to the almost universal use of 600 volts, a
pressure of 3,600 volts is in use on the Lancashire and
Yorkshire line between Bury and Holcombe Brook, 1,500
volts on the North-Eastern Railway between Sheldon and
Newport for a purely mineral line, and, again on the
Lancashire and Yorkshire, 1,200 volts between Manchester
and Bury. Mr. Aspinall's 1,200-volt protected third rail,
referred to by Mr. Merz, is, I am glad to say, quite satis-
factory. I saw it only a little time ago, and it has worked
without a hitch from the start, and, what is more important,
under the recent conditions of heavy snow it behaved
quite admirably. The snow formed an arch over the slot
in which the collector works (the collector being a flat
plate), protecting the vertical face of the third rail from
which collection takes place and keeping it quite dry.
There was not the least difficulty in the collector dis-
persing all the snow. Engineers are grateful to such rail-
ways as have had the courage to make experiments with
higher pressures than 600. I want to emphasize the fact,
in connection with the various pressures discussed in the
paper, that the pressures other than 600 adopted in this
country are only experiments, and that nothing has yet
been done which commits us to any single voltage other
than for suburban working, which is really a thing apart.
In the last paragraph of the paper the author summarizes
admirably the problem that will have at some time to be
solved in this country. If I may venture to re-state his
summary in my own words, it would be that we have got
to choose the most convenient pressure for suburban
working by a third rail. If lines cannot be set apart
wholly for this suburban working, we have then got to
choose the best pressure for main-line working by over-
head conductors and to equip the line with both where it
is necessary. The author clearly shows the penalty that
railways will have to pay if they do not choose one or at
most two pressures, and it is the duty of railway and
electrical engineers to see that the railways do not fall into
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r. Smith, this mistake. As Mr. Merz has said, there is not the least
reason why Mr. Aspinall's protected third rail should not
be used for 1,500 volts, and it is quite certain that on
electrified lines in manufacturing districts, where the
atmosphere is very impure and charged with chemicals,
and also in places where there are considerable lengths or
numbers of low-roofed tunnels, a third rail is absolutely
necessary. Let us assume, for the moment, that 3,000 volts
is a satisfactory higher pressure to be used throughout this
country with an overhead conductor. If 1,500-volt motors
are employed, a third rail at 1,500 volts can work in with
the higher voltage, and full speed and full power be
obtained with equipments working with both voltages.
This result can be obtained with the least amount of
switchgear additional to that needed for those other
features which are more or less essential—regenerative
control and field control. I hope that the extra switch-
gear required for working with two voltages will not prove
too complicated for use with electric locomotives in this
country. All railways, as well as the Institution, are grate-
ful to the author for pointing out so clearly just the sort of
troubles that are going to arise if, when the proper time
comes, we cannot agree what the value of the upper
pressure should be.

r. Lyd.ai. Mr. F. LYDALL : I should like first to refer to the
question of field control. One point of view might be
mentioned which is rather different from that put forward
by the author. He raises the question as to what range of
speed can be obtained at constant output. Perhaps a more
useful method of looking at it would be to ask what range
of speed can be obtained with a constant tractive effort,
or, better still, what range of balancing speed can be
obtained by the use of field control. By "balancing
speed " I mean the speed of a certain weight of train on
the level, neither accelerating nor retarding. I have
worked out from the speed curves given in the paper
for the Pennsylvania locomotive a few figures which may
be of interest from this point of view. I took first of all
the higher speeds, namely, those given for 1,200 h.p. con-
stant output, and I assumed a 900-ton train. The figures
were as follows :—The variation of speed for the 1,200 h.p.
constant output is from 42 to 76 m.p.h., that is to say, an
increase on the lower speed of 80 per cent. Taking a
constant tractive effort of 10,000 lb., which corresponds to
1,200 h.p. at 42 m.p.h., I only obtained an increase from
42 to 60 m.p.h., which is 42 per cent. Further, the
balancing speed for this 900-ton train is raised only from
42 to 54 m.p.h., that is to say, 28 per cent. This contrasts
with the figure mentioned for constant output, viz. 42 to
76 m.p.h., i.e. an increase of 80 per cent. In order to
consider the question from another aspect, I took 1,600 h.p.
output, and the figures corresponding to that are as
follows :—36 to 60 m.p.h. speed variation for constant
output, or only 66 per cent, whereas with a tractive effort
of 16,700 lb. the increase was only from 36 to 49 m.p.h., or
only 36 per cent. For a 1,670-ton train on the level, the
increase in speed was only from 36 to 46 m.p.h., or
28 per cent. I might also mention corresponding figures
for a locomotive which is not in existence, and very likely
never will be. This is a locomotive the design of which
I have worked out in some detail. It is a 3,000-h.p.,
1,500-volt locomotive, and instead of having 50 per cent
field-shunting, as I believe to be the case with the Penn-
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sylvania locomotive, it has only 40 per cent. The cor- Mr. Lydall.
responding figures in this case are as follows :—Constant
output of 1,800 h.p.; speed 63 to 90 m.p.h. ; 11,000 lb.
tractive effort at 63 to 78 m.p.h., or, with a 500-ton train,
63 to 74 m.p.h., the last increase being only 17 per cent.
I should like to refer to these various figures, comparing
the high-voltage locomotive with the 600-volt locomotive
of the Pennsylvania Railroad, and noticing once more that
the Pennsylvania locomotives have a field variation ot
50 per cent, whereas in the other case it is only 40 per
cent, while the increase in the balancing spaed for the
Pennsylvania locomotive is 28 per cent, as against only
17 per cent for the high-voltage locomotive. When I
noticed that in the one case the increased balancing speed
was not nearly as great as in the other, I began to think
that possibly the motor which I had worked out was not
designed on the best lines, because the variation was
very much less ; but on further consideration I came to
the conclusion (I only put it forward tentatively) that for
a higher voltage, viz. 1,500 volts, it was not so easy to
produce a steep characteristic speed curve as it is for a
600-volt motor. The reason for that to my mind is this,
that with a higher voltage motor it is necessary to have
a considerable pole span in order to get in the necessary
commutator segments between the brushes, and that in
itself necessitates considerable saturation in order to avoid
excessive distortion and consequent tendency to flash-over
at the brushes. I do not know whether the author can
say anything on that point; it would certainly be interest-
ing if he could. The general discussion as to the most
favourable line voltage is interesting, but it seems to be
rather by way of pointing out to railway and electrical
engineers the troubles which are likely to be experienced
on a very serious scale unless some steps are very soon
taken. Already in this country there are several voltages
which must be taken into account; they have been
enumerated by Mr. Merz and by Mr. Roger Smith.
But there is one voltage which has not, I think, been
mentioned or considered—I mean the voltage of the
single-phase line on the London, Brighton, and South
Coast Railway. If an endeavour is to be made to pro-
duce interchangeability of traffic all over the country, this
voltage must be taken into account. And when we con-
sider that, we can see that if the author cared to do so he
could put up a most terrifying proposition. Let me suggest
the following condition, which I may call a climax of un-
desirability:—The locomotive to be suitable for running at
full speed at 600 volts with a third-rail collection, and at
1,500 volts, and also on 6,000 volts single-phase with
overhead collection ; field control in the case of both con-
tinuous-current systems, and regeneration on all three. I
regret that the author has given practically no information
about the question of cost. It varies considerably with
the voltage adopted. In considering what is the most
suitable voltage to standardize, if it must be standardized,
perhaps the most important consideration is what would
be the cost, or rather by what percentage would the cost
be affected by raising the voltage. Theoretically, if any
particular electrification case is considered purely on its
merits, and without reference to whether the electrified
section is going to be extended or whether the traffic on
that electrified section has ultimately to run over some
other section, then it is necessary to try and arrive at a

34
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Mr. Lydaii. balance between the saving in the cost of copper on the
feeder system and on the overhead line or other distribu-
tion system, and the extra cost of the rolling stock involved
by raising the voltage. It is fairly easy to estimate what
the saving of copper will be in any particular case ; it is a
matter more of calculation than of experience, I suppose ;
but I believe there is very little information available in
regard to what the increased cost of the equipment would
be. It is rather too much to expect the author to give
much information on that point, because if any is available
it is very ruwch the property of manufacturing companies.
I should also like to make another suggestion for the author
to criticize. This time it is a comparison between a 1,500-
volt motor, wound and insulated only for 1,500 volts, and
a motor of the same rating, say, 375 h.p., insulated for
3,000 volts. We have got to provide much more insula-
tion in the armature windings, much longer insulation at
the straight part of the end windings, and also much greater
leakage surfaces at both ends of the commutator. The
result inevitably is a considerably larger motor. In the
particular case of the 375-h.p. machine, the increase in
the D2 L of the motor was 40 per cent. I do not suggest
that this is going to represent entirely the increased cost
of the motor ; it may or may not; I think it is quite un-
likely it will be so much. Then there are the other parts
of the equipment. A 1,500-volt compressor motor is quite
practicable, but I think there is no question that it would
not be satisfactory to try and drive the compressor direct
off a 3,000-volt supply. That is to say, there must be a
considerable jump in the size of the dynamotor or other
converter used to supply the current to the auxiliary cir-
cuits including the compressor motor. All the other equip-
ment details want a great deal of working out. The final
result certainly will be that the total cost of the equipment
will be very substantially greater for 3,000 volts than for
1,500 volts. The author has also put forward the sugges-
tion that the Institution should take a hand in the solution
of the problem as to what should be the standard
voltage for the whole country. I think it is a very diffi-
cult thing indeed to determine the exact time when stan-
dardization should take place. The first question that arises
is whether there is sufficient information available for a
committee to reach any definite conclusion. For my own
part, I feel confident there is not. I do not think railway

engineers in this country are ready to supply all the neces-
sary data to such a committee, without which it would be
absolutely impossible to come to a conclusion. I think
it is necessary at the present time that railway engineers
as a body should be convinced by experiment throughout
the country that long-distance traffic by electrical means
for goods or passenger service is practicable and more
economical than haulage by steam locomotives.

Mr Firth. ^ r - H. W. FIRTH : The author has considered two very
important points, viz. the speed characteristic of the ordi-
nary series motor, and the present wasteful method of
accelerating and retarding; and he has expressed the
hope that in both those respects motor designers will
be able to assist railway men in obtaining a material im-
provement. Regarding regenerative braking, I should
like to ask the author to make it quite clear that he
is hopeful of its being applied to multiple-unit equipment.
If the figures given by the author are achieved in practice,
and if there are no countervailing drawbacks, I think it is

undoubtedly the case that a considerable improvement in Mr. Firth,
the economic possibilities of electric traction is within
sight. With regard to the question of standard voltage,
I think one point must be particularly emphasized,
namely, that we must do nothing whatever which will
militate against the universal interchange of, at any rate,
main-line equipment, whether this does or does not consist
of locomotives. The war has shown the importance of
the facility with which the locomotives of one railway
company have circulated freely on the lines of all the
other companies. To my mind it is not satisfactory to say
that we must have a standard main-line voltage and a
standard suburban voltage, and that there the line of
demarcation will cease. In my opinion not only must
the main-line equipment of one railway be interchange-
able with that of another railway, but it must be capable
of running on the suburban voltage of its own or any
other railway. Around London, and probably around
many other places, there are connecting lines between
important main lines. These connections are very largely
suburban passenger-carrying lines ; but in times of emer-
gency such as the present, and also for goods working
in normal times, those lines are used by the present goods
and main-line locomotives. Therefore I think the authors
suggestion that we may have a separate main-line con-
ductor into a terminus and also a separate lower-voltage
conductor for suburban working is not one which would
commend itself to railway engineers. Further, from the
general point of view, although in some cases at any rate
it is quite possible—and of course it is always desirable—
to separate main-line working from suburban working, in
a great many cases it is not a matter of practical politics.
If one cannot do so, it means that one must equip a very
large portion of the terminal area, at any rate, on both
systems. The paper has done a great deal of good in one
respect, in that it has shown us what an ingenious designer
can do with complicated switchgear if it is necessary to
work at varying voltages, and I am glad to see the author
deprecates going in for any considerable number of the
possibilities which one can get with this varying switching.
Previous speakers appear to have agreed with the conten-
tion of the author that we are committed for all time to a
pressure of about 600 volts for heavy suburban work, but
I would suggest that very serious considerations should be
given before we assume that we are tied down to that volt-
age. It is certainly the popular one ; and it is the one
which has been used so far, with the exception of the
Lancashire and Yorkshire line from Manchester to Bury.
Considering that this pressure practically limits us to 1,200
volts for our upper limit of voltage if we are to get a
really satisfactory arrangement, I suggest that great hesi-
tation should be shown before assuming that a standard
of 600 volts has to be retained. I suggest that, if we are to
have two standard voltages, the whole matter should be
reconsidered. If it is necessary, in the broad interests
of the whole of the main-line and goods working in this
country, to change that 600 volts over to 1,200 volts or
1,500 volts, so that we can adopt anything up to 4,800
volts for pure main-line working if desired, I suggest it
would be worth while to consider the question on its
merits, in spite of there being a large amount of 600-volt
track in operation. The Manchester experiment on the
Lancashire and Yorkshire Railway appears, from what



TERMINAL AND TRUNK-LINE ELECTRIFICATION : DISCUSSION. 539

ir. Firth. Mr. Roger Smith says, to be, so far as can be seen, highly
satisfactory, and if that be so I see no reason why, in the
course of time, 1,200 volts should not be adopted, not for
our upper standard but for our lower standard. On the
question of whether it is possible at the present time to
standardize a definite main-line voltage, I agree with the
previous speakers that the time is hardly ripe.

>r. Smith. Dr. S. P. SMITH : The author has drawn our attention to
the broader outlook of the continuous-current system with
regard to the extension of field control and regeneration.
He refers to the series motor and deals with its character-
istics, showing that it is the best motor for the work it has
to do. A further illustration of its suitability for traction
work has been given during the last few days, when,
owing to ice and snow on the rails, the contact has been
very bad on several occasions. With regard to the use of
the series motor for large outputs on locomotives, I do not
know that the author has given us sufficient information to
prove its suitability, and I join with Mr. Roger Smith and
Mr. Lydall in asking if he can make the matter somewhat
clearer. Mr. Roger Smith showed that the series motor
must have very large outputs at low speeds in order to
give the required output at high speeds. Field control
will not, I am afraid, help us much on main-line work,
for weakening the flux reduces the torque. It is rather
voltage control that is needed to give the large outputs at
high speeds. For this purpose, series-parallel control is
not sufficient, and it almost looks as if we must have a
motor with the characteristics of the alternating-current
motor. Some members may recall the speed curves of
the single-phase 15-cycle Lotschberg locomotives that were
published * a year or two ago. With those locomotives it
is possible to get, instead of two or three curves, quite a
family of curves, which will give us almost any power at
any desired speed within the working range of the motor.
It seems that motors for main-line working will have to be
considered from this wider aspect, and in my opinion the
paper does not show that the continuous-current series
motor is going to solve the problem ; the single-phase
series motor may be better adapted to solve some of the
difficulties to which Mr. Roger Smith drew attention. I
desire to ask one question in regard to regeneration. It is
very satisfactory to have the author's authoritative figures
as to the improvement that can be expected with field
control and regeneration : the former halves the rheostat
losses, whilst the latter reduces the energy consumption
by some 20 per cent. When we remember that the cost
of energy may be something like half the working costs,
any saving whatever is important, so that a reduction of
20 per cent means a great deal. But there is one question
about regeneration which I should like to ask. One does
not doubt for a moment that it is possible to obtain
regeneration theoretically, but the practical solution may
be difficult. Modern traction motors have very small
clearances, being almost as large as possible for the space
available under the coach What are we to do, therefore,
when we have regeneration ? We must remember that
when a machine regenerates it works as a generator and
develops heat all the time. At present the motor can do
its work because it gets a period of rest during the braking,
but if we are going to make it work also during that time,
how arc we going to keep it cool ? Does the author pro-

* Engineer, vol. 116, p. 597, 1913.

pose to adopt forced ventilation ? We cannot use a larger Dr, Smith,
motor, for the space is already fully utilized; hence if we
are going to get more out of the machine by making it act
also as a generator we must get rid of that extra heat,
unless the life of the motor is to be shortened. I should
like to know what the author proposes. With regard to
locomotives, regeneration will probably not be of much
use except from the point of view of the saving in tyres,
brake blocks, etc., because it is useless to send the energy
back to a station where it may not be wanted, as there
may not be another locomotive requiring it. In many of
the systems on the Continent where regeneration is
adopted, the returned energy has to be wasted in water
resistances at the station, or in some other way. Where
the traffic is dense, as on suburban lines, we can always
make use of any energy available, but if the traffic is
sparse, the regenerated energy may be troublesome.
The last point I want to mention is the question of
voltages. A railway man recently told me that the
author's object appeared to be to frighten engineers
against using two, three, or four voltages. He certainly
has done that very effectively. In America it is or was
by no means uncommon to find an alternating-current
and a continuous-current system working in conjunction,
and the experience of the American engineers is probably
by no means a happy one in regard to the use of different
voltages and different systems. It seems to me that in the
last paragraph of the paper, where the author states that
there are many advantages in having the main-line voltage
and the suburban voltage quite independent, he solves the
problem in a way which will appeal to British engineers.
The third rail for the suburban traffic and the overhead
system (witli either high-tension continuous current or
single-phase alternating current) for main-line traffic can
be kept quite independent—the running rails acting as
the common return if need be. I think two independent
voltages and systems will appeal more to British engineers
than any of the complicated methods the author discusses
where the same motors have to work on two or more
voltages. It will also solve the problem of goods yards,
etc., where locomotives and overhead equipment are
essential.

Mr. H. M. SAVERS : The subject of regeneration by Mr. Sayers.
traction motors has been under consideration by engineers
for a very long time. The experimental work done in this
country on the subject has mostly been in connection with
tramways. Dr. Smith has just mentioned one of the
reasons of failure, namely, that a motor which has to act
as a generator whilst braking and as a motor whilst pro-
pelling has no time to become cool, with the result that it
either gets overheated or must be a large motor for its
output. Limitations of space in regard to motor capacity
are quite as severely felt on tramways as on railways, and
that particular trouble was a serious one on some of the
hilly lines where Mr. Raworth's regenerative motors were
tried. The more general reason is that a regenerative
motor requires to have a shunt characteristic. Whether
this characteristic is got by using a shunt winding, or by
field control, or by separate excitation, it is essential if the
motor is to regenerate successfully. A motor having a
shunt characteristic, as the author states, is not suitable for
acceleration in the way in which we use motors to-day for
traction purposes. I should like, however, to suggest that
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Mr.Sayers. a motor having a shunt characteristic can be used as a
variable-speed motor by introducing between the motor
and the wheels of the locomotive or car a speed-torque
gear of a satisfactory character. Such a speed gear as is
used on motor-cars is obviously out of the question, but
there are one or two speed gears now in use, such as the
Hele-Shavv and the Williams-Janney, which appear to be
very promising in that connection. If such a gear were
used, none of the weight of the motor need be carried on
the axles, and the reduction of unsprung weight on the
axles would be of considerable importance from the point
of view of the wear of wheels, bearings, rails, etc. That
appears to me to be a point well worth consideration when
dealing with the question of regenerative control and with
other problems that arise in main-line working, especially
with heavy trains on steep gradients.

Mr. Dover. Mr. A. DOVER (communicated) : In connection with the
author's concluding remarks—which refer principally to
the standardization of line voltage—it is interesting to
observe that the universal adoption of field control will
tend towards the standardization of car equipments, since
this system of control allows motor-cars with a given
equipment to be operated economically on different
services. Thus one class of motor and gear-ratio could be
used for operating either on city service (with, say, two
stops per mile ; schedule speed, 16 m.p.h.) or on fast
suburban service (with, say, two miles between stops;
schedule speed, 33 m.p.h.); whereas, without field control
these services would require equipments with different
gear ratios, and interchangeability of the motor-cars would
not be possible. The provision of two tappings in the
field winding gives a very flexible motor equipment for
motor-cars, as, with series-parallel control, six economical
speeds are provided for a given motor current. Thus, as
far as speed regulation is concerned, the field-control
continuous-current motor is, for motor-car operation,
practically on an equality with the single-phase motor.
Moreover, the sustained acceleration with field-control
equipments compares very favourably with that obtained
with single-phase equipments. Comparisons between the
weights of field-control and non-field-control motors
should be considered with reference to service capacity
and energy consumption rather than the rated load of
the motors. The author shows on page 525 that the
field-control motor, in virtue of its lower R.M.S. current,
will have a higher service capacity than the non-field-
control motor of equivalent (i-hour) rating ; but the ratio
of the service capacities of these motors will be greater
than the ratio of the R.M.S. currents, since the core loss,
during speed-curve running and free running, will be
lower in the former motor than in the latter machine.
Moreover, since the field-control motor would probably
be geared for a lower armature speed—corresponding to
a given car speed—than the non-field-control motor, the
former motor would have the lower friction and gear
losses at free-running speed. Thus, when the difference
in the rheostatic losses is considered, the balance will be
considerably in favour of the field-control motor. With
reference to the author's remarks on the regenerative
control system in course of development, it would be of
interest to know whether or not provision has been made
for eliminating the rheostatic losses during the accelerating
period. In connection with this system of control, it is

interesting to note that an overall efficiency of 80 per cent Mr. Dover,
(or more) is anticipated. Obviously, the efficiency during
recuperation is an important feature in all successful
regenerative schemes. The difference between the
excellent results obtained with 3-phase multi-speed equip-
ments and the inferior results obtained with single-phase
equipments, is entirely due to the low overall efficiency of
the latter equipments.

Mr. J. WARREN (communicated) : The author, in dealing Mr. Warre
with the question of standardization of pressure for the
electrical operation of British railways, naturally finds
considerable difficulty in reconciling the continuous-
current working pressure of 600 volts, and rail conductors
adopted for the suburban lines of some of the British main-
line railways, with the higher pressures with overhead
conductors which he evidently considers to be essential
for general requirements on these railways. The sug-
gestions made for overcoming the difficulty are divided
into two methods of compromise : first, the adoption of
a standard pressure which is a multiple of 600 volts, with a
maximum of 2,400 volts for general main-line working;
and secondly the adoption of two standard pressures, one
to be 600 volts for suburban working and the other some
higher pressure for main-line working, which higher
pressure would presumably be decided upon when the
maximum has been determined by experiment. The first
method would fix the maximum standard pressure at a
limit which the author does not consider to be the best
possible for general requirements, and would at the same
time introduce much complication, with consequent addi-
tional cost (both capital and working). The second
method, although probably the better solution of the two,
would only attain the object of pressure standardization,
namely the interchangeability of rolling stock and locomo-
tives, to a limited degree as compared with steam working,
and would further involve the equipment of all suburban
lines with a dual conductor system so as to allow goods
and main-line trains being worked over them. The
additional capital cost of such a scheme would hardly
seem to recommend it. A very important fact, which must
be remembered in considering any suggestions for fixing
a high-pressure standard for continuous-current working,
is that this high pressure is impressed directly on the
motors, and despite the various ingenious methods adopted
and proposed by the author and others for distributing the
pressure over several commutators, the high pressure to
earth always remains ; precautions, which increase the
cost and weight of the equipments, have therefore to be
taken in a degree proportional to the raising of the
pressure. The author deals only with the continuous-
current system in discussing standardization of pressure,
but it should be pointed out that with the adoption of the
single-phase alternating-current system practically all
the difficulties in this connection to which he alludes
disappear. Granted an overhead conductor system for
high pressure, whether continuous or alternating current,
the practicable economic limits of pressure for the single-
phase alternating-current system are already known and
a standard could be fixed without waiting for further
experiment; and whatever standard of line pressure be
adopted, the pressure to earth on the motors remains the
same, the same remark also applying to auxiliary motors
and lighting as well as to the control system. The fact
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ir. Warren, that a high-pressure single-phase alternating-current
system can be satisfactorily employed for suburban
working on a main-line railway in this country has
already been demonstrated.

ir. Panncii. Mr. E. V. PANNKLL (communicated) : This paper is of
particular value because it deals with our British electric
railway problems from the view-point of an American
engineer who is unbiased and unhampered by our insular
conventions. The characteristics of the motors shown in
Fig. i (these motors appear to be rated at 250 h.p. and not
200 h.p. as stated) illustrate very clearly the effect of high
saturation. Not only does this bring about the disadvant-
ages mentioned by the author, but it renders the core loss
of the motor disproportionately high and predicates an
excessive weight of field copper. To estimate approxi-
mately the degree of saturation in any railway motor, I
usually divide the speed at one-third rated load by the
rated load speed. This quotient is quite an arbitrary

engineer will be able to calculate his train schedules on Mr. i»anneii.
the normal-field running, thus leaving the short-field con-
nection as a reserve for making up lost time. Although
almost a matter of common knowledge, it might perhaps
be mentioned that the gear ratio has a similar, and just as
important, influence upon economical operation as the
degree of saturation. A motor geared for too high a speed
will take a longer time for its initial acceleration, thus
giving rise to higher rheostat losses, and will also take a
higher R.M.S. current for a given run. In fact the dis-
advantages of excessive saturation can be very largely off-
set by the choice of a sufficiently low speed gear ratio.
Turning to the matter of higher voltage operation, I do
not feel at all sanguine in regard to the operation of four
750-volt motors in series on 3,000 volts, because should one
pair of wheels slip, a bad flash-overcould not be avoided.
Two motors permanently in series is as far as one would
care to go, and in view of the possibility of a perfectly

6 0 0
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16 16
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20 24
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FIG. B.
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quantity except that it takes in what are usually the maxi-
mum and minimum service speeds with the motor running
directly on the line. This ratio I term the " saturation
factor " (which is, however, not a very good term), and as
will be seen from Table 3 of my recent paper * it averages
about 175 to i-8o for modern designs of motors for
suburban service. Working out this factor from Fig. 1 of
the present paper it is found to be r82 for the unsaturated
motor and 1̂ 50 for the saturated design. The former is
therefore quite a typical machine ; the latter, owing to its
excessive saturation, is not. Where it is desired to make
use of field control, however, this is just the type of highly-
saturated flat speed curve that is necessary, otherwise the
flux densities would be very low and the speeds dangerously
high when the field is weakened. Field regulation gives
the motor two or more distinct characteristics, in other
words two speeds for every value of drawbar pull, and
with further development the flexibility of electric motor
operation should be sufficiently marked to compare much
more favourably with the steam locomotive at high speeds.
Where field-control motors are employed, the railway

• See page 449.

satisfactory design for a 1,500-volt motor, a greater number
in series is not necessary. The interesting twin-armature
motor described in the paper would seem to be better
adapted for locomotive than for motor-car operation, as it
would be difficult to obtain sufficient room for the two
armatures under a standard type of railway car. With
wheels of about 40-in. diameter the armatures can hardly
be larger than 12 in., whereas in modern high-voltage
motors of heavy output 20 in. or more is usual. The main
difficulty in high-voltage motor design is in finding sufficient
space for the commutator. Fig. B herewith was prepared
to illustrate this point. The curves are based on the
following conclusions: any given size of railway motor
carcase is capable of carrying a given flux, consequently
for a certain voltage the number of turns on the armature
will decrease with increasing dimensions owing to the
increased flux per pole. Now as all large railway motors
have only one turn per segment we may say that the
number of segments decreases with increasing diameter of
armature. This is shown by the drooping full curves in
the diagram. The two limiting features are the minimum
practicable width of segment and the maximum desirable
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Mr. Panncii. average voltage per segment. The former has been taken
at O"i6 in., including mica, and the rising dotted line
shows the maximum number of segments which can be
used in a given size of machine without overstepping this
limit. As the limiting voltage per segment, 20 has been
adopted ; this means that the 2,000-volt motor must have
at least 400 segments ; the 1,000-volt, 200 segments, and
so on. The drooping dotted lines illustrate the minimum
segments on this basis. Now it is obvious that all the
practicable designs are embraced in the hatched space on
the curves ; all those outside this space will have either a
narrower commutator bar than o#i6 in. or a greater average
voltage per segment than 20. The most remarkable feature
is the limiting effect of high rated speeds. It will be noted
that the 2,000-volt motor is only practicable at a rated speed
slightly higher than 350 r.p.m. However, it is also seen
that 1,500 volts, which has been mentioned as the highest
terminal pressure at which traction motors are running in
regular service, is quite reasonable for a motor rated at
the everyday speed of 550 r.p.m., though the 450-r.p.m.
machine would be a better design even if a little heavier.

Mr. Feck. Mr. J. S. PECK (in reply on behalf of the author) : I am
afraid I shall have to leave the author to reply to most of
the questions that have been asked, especially those by
Mr. Lydall. With regard to standardizing voltages, it
seems to be the general opinion of those who have spoken
that we have not yet sufficient experience to fix these
standards. This may be true, but would it not be advis-

able to adopt temporary standards ? We have at present Mr. Peck.
600 volts, 1,200 volts, and 1,500 volts in regular commercial
service, and 3,500 volts on a small experimental line. If the
1,200-volt system proves to be very satisfactory to the com-
pany that has installed it, will not that company insist on
going ahead with 1,200 volts, although it may be the con-
sensus of opinion among railway engineers that it is not the
most desirable voltage, and in spite of the fact that other
railways have adopted a different standard ? Many
standards have been adopted in a most haphazard manner,
and it seems to me that it would be advisable to adopt
certain temporary standards, say 1,200 and 2,400 volts, or
whatever values are agreed upon as being most likely to
meet our conditions here. As a result the railway com-
panies will have at any rate something to guide them and
towards which to aim. This is very much better than to
have no standards whatever, with any railway free to choose
any voltage. Mr. Firth asked whether regeneration was
possible on motor coaches. I understand it is quite feasible.
The question of overheating by regeneration, referred to by
Mr. Roger Smith and others, is I think very fully appreciated.
Most motors will stand some increase in temperature,
because the modern motor is insulated with practically
indestructible material, mica and asbestos, and in addition
the heating current curve would be worked out with due
regard to regeneration.

(Mr. STORER'S reply to the discussion will be published
in a later issue.)

NEWCASTLE LOCAL SECTION, 13 MARCH, 1916.

Mr. Beard. Mr. J. R. BEARD : The paper seems to me to be most
timely. Owing to the war there is naturally an enforced
period of inactivity in railway electrification and new
schemes are being held in abeyance, so that it is just the
time for a careful consideration of the direction in which
new developments are likely to be made and also for a
note of warning as to the danger of too individualistic
policies with their aftermath of unstandard arrangements.
The author states that the logic of his paper points to the
necessity for early standardization, and this seems to be the
keynote of the paper. While agreeing with him it seems
to me to be more important to standardize quickly the
position of overhead conductors and the higher voltages.
I think no one questions that for main-line working
600 volts is too low, and the third-rail systems at this
voltage, although they may grow considerably, will always
remain local systems serving suburban traffic. Such traffic
can, to a large extent, be considered by itself. Its rolling
stock need not leave the particular district, and to a large
extent it has its own tracks. Where tracks are used for
both suburban and main-line traffic the method suggested
in the last paragraph of the paper can be adopted, and I
think it probable that apart from its greater convenience it
would be no more costly in the long run than multivoltage
control equipments, since I believe that on an ordinary
single-voltage equipment the cost of the control apparatus
represents some 40 to 50 per cent of the total. It is therefore
a mistake to complicate the general question of railway
electrification by paying any attention to the compara-
tively small 600-volt suburban systems at present in exist-
ence, particularly in view of the complications of running

higher voltage equipments over them. If we are not tied Mr. Beard
down to 600 volts there is no particular point in such
voltages as 1,200 and 2,400 and the natural standards based
on motor limits can be adopted. As the author points out,
these are 1,500 and 3,000 volts, the former being adopted
where a sound and tried system is required for immediate
use with ordinary loads, and the latter being kept in
reserve for specially heavy locomotive work and for future
general use as apparatus is improved. In this connection
it might be advantageous to standardize the use of 3,000-
volt insulation on all overhead construction. One advan-
tage of confining standardization for the moment to hipher
voltages and overhead conductors is that the new side-
running third rail on the Lancashire and Yorkshire Railway
has not yet been thoroughly tried, and it would be difficult
to propose standards until its advantages and disadvantages
over the more usual types have been definitely ascertained.
It is a commonplace that the ease with which electrical
measurements and calculations can be made enables alter-
native methods to be very accurately compared, but it is
to be hoped this will not result in undue attention being
paid to small percentage savings at the expense of
standardization and through-running facilities. A stan-
dard must always be fixed to suit the average conditions,
and is necessarily more or less inefficient for extreme con-
ditions. Turning to the author's remarks on the trend of
development, he appears to have established a strong
case for field control. I am always surprised that this is
usually effected by short-circuiting some of the field coils
instead of by a series-parallel arrangement of the field
winding. I should have thought the latter would have
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ir. Beani. allowed of a smaller and cheaper motor, as the whole of
the field copper is always actively employed, whereas with
the ordinary method about one-half of the field copper is
idle as soon as the motor is up to full speed. I believe the
series-parallel arrangement has been considered and I
should be interested to know what are its disadvantages.
It is most satisfactory to learn that the long-standing
difficulties with regenerative control are in a fair way to
being overcome, and I regret that the author has given so
little information as to the methods adopted. Possibly in
his reply to the discussion he will be able to supplement
his remarks on this question. An interesting advantage of
regenerative control, which I have not seen referred to, is
that it makes the train speed at which the brakes are
applied much less important and therefore gives designers
a freer choice of motor characteristics, gear ratio, and
acceleration. Those who have had experience of settling
these items for specified conditions will appreciate what
this means. As regenerative control necessitates shunt or
separate excitation of the motor fields while the motors
are acting as generators, I should think there is some
possibility of flashing with variations in the line voltage,
and I should like to know whether any such trouble has
been experienced. A remark on page 534 appears to be
somewhat at variance with other statements in the paper,
and I should be glad if the author would explain it a little
more fully. In describing the special double-armature
motor he states that " the limit to the voltage will therefore
be found elsewhere than in commutation " ; whereas else-
where in the paper he appears to consider that the voltage

' of an ordinary traction motor is limited by commutation
difficulties.

Hr. Carter. Mr j CARTER : I am interested to find in the paper a
reference to motors with unsaturated fields, as I come
across similar problems in connection with lift motors.
Sometimes physical impossibilities are specified, or results
which are extremely difficult to obtain, even with added
ampere-turns in the shape of series winding introduced
for starting only ; say 2J times full-load torque with i£
times full-load current, which means that a very weak field
is necessary to start with, so that the series turns may very
rapidly add flux ; and this implies a relatively very large
motor, which as a rule the customer objects to pay for,
not appreciating the point so clearly brought out in the
paper. It has been definitely established that a motor
with an unsaturated field can be used in other connections
actually to reduce the energy consumed in producing
certain results, as when a reciprocating load with heavy
peaks has to be driven. If a weak shunt excitation
happens to be used, with a fairly strong series field,
actually less energy consumption is registered on the
meter than would be got by using the same total ampere-
turns on a shunt winding only, as the series winding
acting on the unsaturated field produces torque easily,
gets the load over the peak quickly, and so brings about
the result indicated. This sort of effect is also mentioned
in the paper, and it is interesting to illustrate it in other
connections. The regenerative-control experiments of
the Johnson-Lundell Company in Newcastle have been
referred to. One night the trial car was taken down
one of the steepest hills in the city with the regene-
rative effect acting as a brake, but owing to the trolley
coming off the overhead line the car ran away and

narrowly escaped becoming a complete wreck, insufficient Mr. Carter,
precautions having been taken to guard against failure
of the system. In railway work such a failure is less likely
to occur owing to the multiple contacts with the feeding
wire or rail, but the necessity of precautions is clearly
indicated, in case some unexpected contingency should
occur. The most important point in the paper seems to
be that of standardization. I hope the Institution will
take some strong measures to try to get voltages definitely
settled, either through the proper Government Depart-
ment or otherwise, so that the confusion already existing
in ordinary continuous-current systems will not be re-
peated. It will certainly help manufacturers if some
such arrangement is come to—and after all, although
the paper mentions possible profit to manufacturers
in a sort of aside, that is a point of some importance
to the manufacturers themselves; and the ease of
working which will be secured between railways will
be well worth the small amount of preliminary trouble
involved.

Mr. L. H. A. CARR : The author refers to saturated and Mr. Carr.
unsaturated motors and gives characteristic curves in Fig. 1.
It must be pointed out that the " unsaturated " motor is
not really unsaturated, as can be seen by drawing a hyper-
bola on Fig. 1, which would give approximately the curve
followed by a motor devoid of all saturation. It seems to
be merely a question of degree of saturation. I would ask
whether the author has any information concerning the
success or otherwise of the Lancashire and Yorkshire
Railway 3,500-volt system. With regard to standardiza-
tion, it must not be forgotten that the position of the
over-running outside third rail is already standardized
in this country, dimensions having been agreed upon
some 10 or 12 years ago by the railway companies. It
is suggested that the fact that two railways, each using
600 volts, have recently equipped a system for a higher
voltage, will probably assist standardization, rather than
retard it, for the difficulties of carrying on two different
systems will be the more realized, since they will be under
the supervision of the same staff.

Mr. W. G. GUNS : Some experimental work was carried Mr. Guns,
out several years ago in Newcastle on the Johnson-Lundell
system of regenerative control applied to a tramcar. The
difficulty of obtaining a machine suitable for both motor-
ing and generating was got over by coupling up the field
coils so that a coarse shunt winding was obtained during
generation and a series effect during Tnotoring. This
involved a complication in the switchgear, but the wind-
ings on the machines were simple and all in use at once.
A saving in power of about 30 per cent was effected by
the use of regeneration on that system. I should like
to ask how the author has overcome the difficulty of
excessive voltage whilst generating, which may easily
result in the lamps being burnt out.

Mr. C. TURNBULL : The double-armature motor appears Mr.
to be a most interesting machine, but I do not see how
room could be found for it on a truck of ordinary design.
Some time ago I introduced a spring suspension for
traction motors to the notice of a railway company, but
it was found impracticable owing to absence of space.
Traction motors are designed to the last inch, and the
railway engineers were unable to try anything which
required any more space than the standard motor. It

Turnbull.
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Mr.
Turnbull.

would be necessary to re-design the whole truck to get
room for the double-armature motor illustrated in the
paper. The re-introduction of regenerative control
promises economy in railway working if the difficulties
can be overcome. Some years ago Mr. Raworth tried
it on tramways, but with unsatisfactory results. When
generating, if the trolley came off the line, the motors
developed excessive voltage, so destroying the car lamps ;
while on a small system, current was occasionally returned

to the busbars, so motoring the generators. This was Mr.
overcome on Continental electric railways by putting a Turn u "
resistance across the busbars. Large systems, however,
would be far less open than small ones to such defects,
and there is no doubt that a good regenerative motor
would do much to hasten the introduction of railway
electrification on a large scale.

(Mr. STORER'S reply to the discussion will be published
in a later issue.)

BIRMINGHAM LOCAL SECTION, 15 MARCH, 1916.

Dr. Garrard. Dr. C. C. GARRARD : This paper appears to be largely
a plea for standardization of railway equipment in this
country, and the suggestion is made that this matter
should be taken in hand by the Institution. I am afraid
the author is of a somewhat sanguine temperament if he
thinks that this will be done. As far as I am aware the
Institution has not a Standardization Committee or any
other machinery whereby this and other problems could
be dealt with and decisions arrived at representing the
considered view of the British electrical engineering pro-
fession. The American Institute of Electrical Engineers,
for example, has such standing committees, and there is
no doubt to my mind that the development of electrical
engineering in this country is hindered by the failure of
our Institution to take the lead in such matters. It is true
that we have in this country the Engineering Standards
Committee, upon which Committee our Institution has
representatives and towards the support of which I believe
our Institution contributes. The Engineering Standards
Committee, however, deals with such a wide field cover-
ing the whole engineering industry, that electrical
engineering can only receive a small share of its time and
attention. It appears to me that these important electrical
problems should be tackled by our Institution, who could
put them into such a shape that they could be presented
to the Engineering Standards Committee as the considered
view of our profession. The Engineering Standards Com-
mittee could then see that our views fitted in with those of
other branches of engineering and could eventually adopt
them as a British Standard Specification. If this scheme
could be arranged I am sure progress would be greatly
accelerated.

Mr. carter. Mr. F. W. CARTER : I am pleased to see that the author
emphasizes the necessity of using series motors for this
work ; there is in some quarters, even now, a disposition
to argue in favour of shunt or separately excited motors,
but from an operator's point of view the series motor is
the only thing possible. The author in speaking of field
control on page 522 says that this is " once more being
employed where the service conditions justify its use." I
should like to have from the author a more explicit state-
ment of the service conditions which he considers to
justify the use of field control, and if I give my own views
on this point I trust that the author will not consider him-
self relieved from furnishing his. In laying out the design
of a railway motor I invariably start with a simple equation
which has a bearing on the question. If S is the maximum
permissible speed of the train in miles per hour, D the
diameter of the motor-driven wheels in inches, x the ratio

of gear reduction, and N the maximum speed of the Mr. Carter,
armature in r.p.m., these quantities are connected by the
equation

S x 88 x 12 N

Now the quantities S and D may be considered to be
specified, whilst a maximum limit can be assigned to N by
the designer. This is, of course, not the speed at which
the armature would burst its binding bands, but a some-
what indefinite limit of satisfactory operation above which
commutating troubles are to be anticipated in increasing
degree, and particularly flashing-over troubles; the limit-
ing speed is a little lower for an unsaturated motor than
for a saturated motor, as the field is more liable to dis-
tortion, and the tendency to flash over correspondingly
greater. The designer, therefore, in his own mind, gives
a maximum desirable value to the quantity N. If, now, the
motor is designed so as to use a larger gear reduction
than that given by the above equation, the armature speed
will sometimes pass beyond desirable limits; whilst if
the gear reduction is less than that given by this equation,
the motor is not used to the limit of its mechanical
capacity and could be made more efficient, or lighter,
or of greater capacity by reducing the number of armature
bars, until the appropriate gear reduction satisfied the
above equation. By starting the design with this equation,
therefore, and deducing the number of armature bars in
accordance with it, the most effective use is made of the
active material. Now the above applies whether the
motor is designed for operation with a single field or for
field control. If a particular motor is taken with a par-
ticular gear, the operation with full field and with reduced
field does not lead to characteristics such as are shown
in Fig. i, but to such as are shown in Fig. 3, in which
with reduced field the speed is higher and the tractive
effort lower throughout than with full field. For a
particular service, however, the comparison between
motors must be based on the assumption of approximately
similar characteristics on the normal fields, such as are
shown in Fig. 1. If it is desired to compare the operation
of a particular motor with and without field control,
then, in order to bring the two systems of curves approxi-
mately into coincidence as in Fig. 1, it is necessary to
use a greater gear reduction for the field-control motor;
but from the discussion given above it will be clear that in
this case either the field-control motor runs to a higher
speed than is desirable, or the saturated-field motor could
be improved by re-designing it so as to satisfy the equation
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Mr. Carter, given above ; that is to say, the gear reduction is either
too great in the field-control motor or too small in the
other. The point to which I wish to lead, is that the
comparison between field-control and saturated-field
motors should be made not on the basis of using the
same motor in the two cases, but on the basis of the
best motor a designer could offer in the respective cases.
Under these conditions the field-control motor would
be somewhat heavier and more expensive than the
saturated-field motor. To sum - up the advantages and
disadvantages of field control, I should say that the
advantages are as follows :—

(1) It results in a saving of energy as explained by the
author.

(2) For locomotive-hauled trains it gives an increase
of flexibility, which is not only desirable but
necessary in many cases.

(3) For multiple-unit trains it frequently enables an
otherwise unsuitable motor to be employed by
using it nearer to the limit of its mechanical
capacity.

(4) It enables trains to meet special speed restrictions
outside the ordinary schedules.

The disadvantages of field control when a comparison
is made on the basis discussed above are :—

(1) The motors are heavier and more expensive.
(2) They are slightly worse in operation on account of

the weakened field.
(3) The control equipment is heavier and more com-

plicated.

In many cases that I have examined, field control has
not shown sufficient advantage over the ordinary series-
parallel control to justify its use ; at the same time it
is frequently a valuable feature of which advantageous
use can be made. In speaking of regenerative control
the author mentions a system which is not yet in com-
mercial service, but which is in course of devejopment.
The Chicago, Milwaukee, and St. Paul locomotive, as
the author is doubtless aware, already makes use of a
system of regenerative control which appears on the face of
it to be somewhat similar to that indicated by the author;*
the field is separately excited by means of a generator
which is, itself, excited by two opposing field windings,
one, the main winding, which may be in shunt with the
line and is adjustable by means of rheostats, and the other,
a series winding, which carries the main current of the
motor and which opposes the shunt field when the motor
is regenerating. The effect of the series field is to oppose
increase of current from the motors by reduction of
voltage of the field-exciting generator. There is, of course,
much more in the arrangement than this, and particularly
in the controlling devices, but the above describes generally
the self-regulating feature of the system. On page 527
the author speaks of the 600-volt third-rail system and
says that this " is used interchangeably on the Metro-
politan District, London and North-Western, and London

• See British Patent No. 29,752/1913.

and South-Western Railways." I am not quite sure in Mr. Carter,
what sense the author intends the word " interchange-
ably" to be taken, but, as is well known, the first two
of these railways have an insulated return, while the
third has an earthed return, and trains on one system
cannot run on the other unless they carry a considerable
amount of additional equipment to permit the interchange.
I think it is improbable that there is any intention of
interchange of traffic necessitating the running of trains
between the London and South-Western and the other
railways mentioned. The author brings out very clearly
the complications introduced in running trains over
lines employing different voltages, and furnishes a good
argument for avoiding such a multiplicity of voltages ;
almost anything of this kind can be done by using
suitable motors and a sufficiently complicated control
arrangement, but I feel sure that the simpler
arrangements appeal more strongly to the railway
engineer. With regard to the author's conclusions,
whilst I consider standardization to be highly desir-
able from some points of view, I can hardly blame the
railway companies if they are indisposed to admit this
at the present time ; the advances in the direction of
higher continuous-current voltage are too recent to
justify us in concluding that we have reached finality,
and in fact the system using 5,000 volts of which the
author gives some description is only of last year's
development. I am pleased to see that the author refers
to the 600-volt system as being not only thoroughly estab-
lished but as being " so well suited to the requirements
of terminal electrification that it should be continued as
one of the standards, at least for the present." This is
the oldest system in use for operating railways, and there
is always a disposition, when something newer appears,
to consider that it is superior to the older and neces-
sarily supersedes it ; if, however, the question of electri-
fying such a system as the London Underground Railways
came up at the present time, I believe the sound con-
siderations given by the author, where he says, " the
determining factor in the entire question will of course
be the cost, not only of the original installation but the
cost of operation and maintenance," would lead to the
same solution as was arrived at by the Underground
Railways Company at the inception of their project.
In conclusion I regard the author's final paragraph as
important. I believe that in this country the main lines

j and the local lines are very largely distinct, and if one
j system of operation were considered to be best for local
I service and another system for main-line service, the two

systems would be largely concerned with separate tracks.
If a different system of line conductors were considered
to be desirable for the two classes of service, the few lines
which it would be necessary to equip with both systems
of line conductors would add little to the cost of the
installation, as compared with the additional expense
that would be incurred in adopting an unsuitable system
of operation either for the main-line work or for the
local work, in order that a single system of operation
might be employed throughout the railway.

(Mr. STORER'S reply to the discussion will be published
in a later issue.)
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Mr. B. WKLBOUKX: I strongly endorse the plea which
the author makes, that before it gets too late some attempt
should be made to secure the standardization of voltage
and collector systems in this country. It is very much to
be hoped that in connection with railway-electrification
work we shall not have a repetition of what has happened
in the electric supply industry.

Mr. VV. A. BARNES : The author points out in his con-
cluding remarks the necessity for early standardization
and, whilst asking strongly for something to be done,
appears to be rather doubtful in the following sentences as
to whether in many instances the appropriate time has yet
arrived. It is unfortunate for standardization that con-
tinuous-current traction has progressed from low voltages
to high and has not yet reached finality. Whilst high-
voltage equipment will deal with low voltages, the reverse
is not the case, and therefore before standardization can
take place in the principal items connected with electric
traction, some degree of finality as regards voltage must
be reached. Voltage, I think, is the first thing to be
standardized. A very important point which must be
considered is that continuous-current traction is com-
peting very strongly with alternating-current traction in
the only advantage the latter presents, namely, high-
voltage transmission, and on this account it would not
be policy at the present time to standardize, say, 1,200 or
even 2400 volts. The author states on page 534 that
1,500 volts is about the maximum voltage which can be
used with a 4-pole railway motor; against that we have on
the Holcombe Brook section of the Lancashire and York-
shire Railway motors operating successfully with 1,800
volts across their terminals. Another point against stand-
ardization at the present time is that such a course, in a
great measure, stops progress. One has only to turn to the
standardization of the 4 ft. 8£ in. gauge for railway tracks
to see how seriously it has hampered the progress of the
steam locomotive. The question, however, has not been
lost sight of entirely in this country, and the locating of
the third rail, which the author asks for on page 533, was
brought before a meeting of railway engineers held in the
Railway Clearing House, London, so long ago as March
1903. It was then decided that the most advantageous
position for the third rail was that the contact surface
should be 3 in. above the track rail, and that the horizontal
distance between the centre of the track and the centre of
the third rail should be 3 ft. 11 in. This was for an over-
running shoe. This standard was made at a time when it
was thought that 600 volts would not be exceeded for con-
tinuous-current traction, and it has been adopted by the
railway companies who have electrified their lines since
then. In fact the Liverpool Overhead Railway changed
over their system from a central third rail to the standard,
which permitted the inter-running of trains with the Liver-
pool and Southport section of the Lancashire and Yorkshire
Railway. During the past few years, however, the con-
tinuous-current traction motor has been greatly improved ;
so much so, that the 1,200-volt motor is perhaps more
reliable than the 600-volt motor was 10 years ago. The
600-volt third rail, however, is not sufficiently safe and well
protected to be used on 1,200 volts, and the problem has
been to decide whether to keep to the 600-volt system with

its attendant transmission losses, or to depart from the Mr. Barnes,
standard in order that the rail should be thoroughly pro-
tected to prevent the staff coming in actual contact with it.
I leave out the question of overhead construction owing
to the latter's many disadvantages. On the Manchester-
Bury section of the Lancashire and Yorkshire Railway
where 1,200 volts is in operation this has led to the adop-
tion of the side-contact rail, which is adequately protected
throughout its whole length, and thus progress has nullified
the earlier standard set up. This side-contact rail is,
however, mounted in the same relative position as the
standard, and, apart from the question of protection, could
be used with an over-running shoe. In the section dealing
with control, the author shows diagrams of arrangements
of gear to operate on various voltages. With the arrange-
ments shown in Figs. 7 and 8, 56 and 36 switches respec-
tively are required, the majority of which will have to be
designed for the maximum voltage, viz. 2,400. It is
undesirable to carry these under the car, and room will
therefore have to be found for them on the car floor ; and
when they are accommodated, together with the equip-
ment for regenerative control and the apparatus mentioned
on page 527 for changing the position of the shoe, a
considerable inroad will have been made on the floor
space, and the car will not only have its earning capacity
as a passenger-carrying vehicle seriously diminished, but
will cost much more for maintenance and running charges.
It is probable that in trunk-line electrification any one
railway company would limit itself to one system and it
would only be inter-running trains which would be
affected. I would suggest that such trains should be of
ordinary stock worked by electric locomotives, which
would be changed at the junction of the two systems ;
and that where through coaches only were involved they
should be trailer coaches used in conjunction with motor
coaches in the ordinary way. The author points out on
page 522 that the unsaturated motor will operate more
efficiently than the saturated motor on a frequent stopping
service. 'While this is true, an examination of Fig. 1
shows that the tractive effort for a given current, and
therefore the acceleration, are less, a state of affairs which
is not desirable for the service in question. If the same
acceleration is required with the unsaturated motor, the
latter must be larger, a very difficult matter to arrange for
in cars of high power, owing to the limited space available.
The choice of motor thus depends on the relative impor-
tance of the efficiency of working and the efficiency of
service.

Mr. T. FERGUSOX : The author's description of new Mr.
features in connection with modern equipments makes
us realize that progress is taking place in the art of
electrification. The very fact, however, that we are
progressing has led us into difficulties on the voltage
question. I thoroughly endorse the author's view that
some steps should be taken towards standardization, and
I quite agree with the last speaker that the first step is to
try and standardize line voltage. The interrunning of
trains over systems employing different voltages has been
amply dealt with in the paper, and in the numerous dia-
grams the author shows us clearly what complications we
may expect and the relatively large number of switches



TERMINAL AND TRUNK-LINE ELECTRIFICATION: DISCUSSION 547

Mr.
b'ergusoa.

that would be necessary. In maintaining equipments of
this kind, however, it is well to remember that, so far as
the main control is concerned, we simply have to deal with
a number of similar contactors or reverser-type switches,
all of these being fairly well-known pieces of apparatus
which the maintenance staff is quite accustomed to,
hence the maintenance is increased only by multiplying
the number of similar pieces of apparatus. The case of
the auxiliaries required for high voltages and different
voltages is very different and is in my opinion by far the
hardest part of the problem. As a rule it means the intro-
duction of a new type of apparatus, more or less unex-
ploited and undeveloped. The author, however, has shown
us rather an easy way out of the difficulty by using storage
batteries connected to the negative side of the circuit,
whereby he is enabled to employ standard compressor
motors and blower motors, as well as standard control
voltages, thus getting rid of the difficulties which ensue
when dynamotors or double-commutator motors or similar
devices have to be employed. I think this is a very valu-
able idea and helps very much to simplify the problem of
auxiliary control.

In connection with the first part of the paper, I think
the author defines very clearly the starting-off point for
comparison or consideration of speed control by field
variation when he says in speaking of the shunt motor
that : " Moreover, no greater speed variation is possible
with it than the series motor, because this depends on the
armature and the allowable ratio between the field and
armature ampere-turns necessary to secure stability."
The field-controlled motor and also the non-saturated
field motor are used primarily as a means for reducing
the energy consumption in the rheostats. The author
goes to some considerable detail in Fig. 2 to illustrate
how these rheostatic losses increase as the speed at which
the motor curve is reached rises. The curve shown of
course follows the law of squares. The reduction of
energy loss in the rheostats can be accomplished in two
ways, either by accelerating on the rheostat with a strong-
field motor and weakening the field immediately the strong-
field motor curve is reached, or by designing a motor
without field control but with a non-saturated field. In
the former case, if the limit defined by the author did not
exist, the obvious thing to do would be to make a low-
speed motor with a ratio of full field to armature ampere-
turns of something like r i or V2, and then weaken the
field considerably so as to obtain the desired schedule
speed. By doing this, however, the aforesaid ratio im-
mediately becomes too small and the motor is very sensi-
tive and liable to flash over. Under the circumstances,
therefore, we have to begin by making up our mind as to
what is the lowest ratio at which we could safely operate
in the weak-field condition, and then work backwards by
strengthening the field as much as we can for the full-field
curve. Unfortunately, we usually find in strengthening
the field that saturation is reached very early, and we
therefore cannot get so great a drop in speed and saving
in energy loss as we desire. This is clearly seen by an
examination of Figs. 1 and 2. In the case of a non-
saturated field motor trouble is seldom experienced with
regard to a minimum ratio of field to armature ampere-
turns, as the air-gap is usually fairly long and absorbs a
considerable number of ampere-turns. In a motor of this

type the best economy is obtained when the accelerating Mr.
current is made as high as possible, as the speed at which trj»uson-
the motor curve is reached comes down comparatively
quickly as the accelerating current is increased. We have
therefore two effects : the first, by increasing the accelera-
tion and therefore decreasing the time on the rheostat ; the
second, by reaching the motor curve at a lower speed. In
the case of equipments which have to run at comparatively
high speed on the suburban sections of a railway, say with
distances between stops of from 2 to 4 miles, and also
have to run on the city lines with distances between stops
of perhaps only half a mile, I think field control is the
proper thing; but in deciding a question of this sort for
any particular case it should be borne in mind that field
control requires extra switches and also extra cables, in-
volving additional capital cost and additional maintenance,
and there are cases in which it will be found that it would
pay to put the money and material into building a larger
motor having a non-saturated field. The author clearly
points out that we cannot have a field-controlled motor
or a non-saturated field motor at the same cost as a
standard motor, and I thoroughly agree with him when
he says, on page 522. that " if this point were thoroughly
borne in mind, the manufacturer of the unsaturated motor
would not be penalized on account of small rating, or
on account of greater weight with equal ratings, and the
railway company would operate with greater efficiency."

Dr.W. CRAMP : The paper naturally divides itself into two Dr. Cramp.
parts. The first part refers to the suitability of the series
motor for railway electrification, especially as regards
torque characteristics; but there are several points which
need explanation. For instance, emphasis is laid upon
what are called saturated and non-saturated fields, but
no indication is given as to the point at which the distinc-
tion between saturated and unsaturated is drawn. I find
it impossible, therefore, to analyse the curves given in
Fig. 1. Later the author refers to the "sluggishness" of
shunt fields. Does he mean that the field does not respond
so quickly to current changes because of the greater self-
induction due to the large number of field turns, or is
some other meaning to be attached to this expression ?
But by far the most important point in this section of the
paper is the piea which the author makes for a revised
specification for railway motors. He points out that the
1-hour rating does not produce that motor which is best
suited for railway electrification ; and whether his plea for
the unsaturated as against the saturated motor be justified
or not, one thing is certain, viz. that he has made out a
case against the rating of railway motors on the i-hour
basis. It is to be hoped that the Institution or the
Engineering Standards Committee will go into this ques-
tion with the object of sanctioning a more rational basis
for specification. Such a basis has been already both
called for and suggested by Dr. Pohl in two papers ";:

read before this Institution, to which I would direct atten-
tion. The author next deals with the question of regenera-
tive control, illustrating his remarks by means of Figs. 4
and 5. Of these the former is merely V*/2 g plotted against V,
V being the initial velocity of the train in miles per hour.
The object of publishing so elementary a relationship is
not at all obvious, especially when Fig. 5 is considered.
In the latter, the ordinates of Curve 1 should, in the

• journal I.E.E., vol. 45, p. 216, 1910 ; Ibid., vol. 48, p. 178, 1911.
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Dr. Cramp, absence of any information to the contrary, be 084 times
the ordinates of Fig. 4, since 0*84 watt-hour = 1 foot-ton
nearly. However, a few readings of Figs. 4 and 5 show
that this relationship does not apply, and the only ex-
planation seems to be that Fig. 5 includes some allowance
for the energy of rotating parts not specifically mentioned
by the author. Clearly the exact basis of this curve should
be stated. Curve 2 in Fig. 5 is Curve 1 minus a constant
amount of energy, in which presumably again an allow-
ance has been made for rotating parts, and this explanation
must be held to account for the figure of 19 watt-hours
per ton which is said to correspond with 25 miles per
hour. Without some such addition the figure should be
17*6 watt-hours per ton. Curve 3 in Fig. 5 is apparently
obtained by deducting from Curve 2 the amount of energy
absorbed by train resistance in changing its speed from V
to 10 miles per hour. To get this we need to know :
(1) what figure is assumed for train resistance, and
(2) what retardation is assumed. It is to be hoped that
in his reply the author will give answers to these questions,
as well as indicate the limits which practice has assigned
to retardation in various cases. It is worth while noting
that if the train-resistance coefficient and the retardation
are constant, then the ordinates of Curve 3 should bear a
constant relationship to the ordinates of Curve 2, which
ratio in typical cases might well be given by the author.
The second part of the paper is the most eloquent plea
for standardization that can possibly be put forward,
because it shows into what confusion railway equipment
will be thrown if some control is not quickly exercised.
It should be remarked, incidentally, that the adoption of
the single-phase system would obviate many of the diffi-
culties which the author considers. In fact the paper might
be turned into a demand for the single-phase system so
long as there is no co-ordination between the railway com-
panies as regards voltage. In a single-phase system there
is only one thing that need be standardized, and that only
within certain limits, namely the frequency. This should
not be a difficult thing to decide upon. Series-parallel
operation of transformer or motor windings would meet
all other variations. It is ridiculous to construct trains on
such short lengths of line as we have in this country with
so much complicated apparatus to change from one rail-
way company's system to another. If there must be
voltages varying over the range suggested by the paper,
the continuous-current system should not be adopted at
ail. In England, having regard to the fact that the lengths
of line are very short, and therefore not comparable with
the lines in America, the only solution is some sort of
national control of railways. I will not say nationalization,
but some form of control which will prevent a company
from adopting a system different from that adopted by
another company without showing good cause for the
difference and the method to be adopted to ensure inter-
changeability. That seems to be a summary of the latter
half of the paper, and I think the importance of the
subject should be made clear before it is too late. Any
delay in now taking action will lead to vast expenditure
later on. For ultimately standardization of equipment
will have to take place, and companies not in line with
the standard will be forced to get new equipment, for
which the public will have to pay. In conclusion I would
ask the author to render Figs. 7-11 more intelligible by

giving a list of the symbols used with their meanings. Dr. Cramp.
[This has since been done.]

Professor E. W. MARCHANT : With regard to the Profetsor
difference between saturated and unsaturated motors, it " c a

would be very interesting if we could get some idea as to
what are the limits of flux density in the two motors. It is
only a matter of degree of saturation for the two types.
The saturated motor is obviously a cheaper motor than the
unsaturated motor. The author puts forward the series-
parallel controller as having been developed mainly on the
ground that it enabled speed regulation to be easily
effected, but I think there is another important point.
One of the main advantages of series-parallel control lies
in the greater efficiency in starting. The maximum
possible efficiency in starting with series-parallel control
and two motors is 67 per cent—that is, in starting up we
must waste in the rheostats 33 per cent of the energy
supplied—whereas with ordinary rheostatic control the
smaller loss is 50 per cent. I should like to ask what is the
maximum current that can be collected by a trolley. If
we take the ordinary limit accepted in this country of
from 150 to 200 amperes, it is clear that we must use a very
high voltage on the trolley wire if we are to get anything
like the amount of power wanted for driving a railway. I
should like to say a word or two on the question of the
limits of voltage for a continuous-current dynamo or
motor. Some four or five years ago, when Mr. Catterson-
Smith was in my laboratory he made a number of
experiments as to the possible limit of voltage on a
continuous-current motor. A motor was designed which
would work under compressed air at a pressure of 200 lb.
per sq. in. The armature was designed for 3,000 volts and
he succeeded in getting a small output of about 3 kw. from
the machine, which had two poles, the commutator
diameter being only 4 in. The designing of the bearing
was the most difficult problem, because there was a pres-
sure on one side of the bearing of 200 lb. per sq. in. and
no pressure on the other. The bearings had to be very
tightly packed and it was only after a great deal of time
and trouble that they were made at all satisfactory. The
experimental motor was designed with the idea that
such a machine might be used in connection with high-
voltage continuous-current traction. The mechanical diffi-
culties that arose seemed to be too serious to warrant much
hope of final success. With regard to standardization, I
would remind members of this Local Section that we had an
interesting discussion on this subject at one of our annual
dinners some time ago. It was then put forward by
Alderman Walker to be very desirable that electric railway
equipment should be standardized, but a representative of
the manufacturers replied that he thought it would be a
very serious mistake because " if we once standardize we
shall stop all progress." We seem now to have changed
that position, for the author recommends the standardiza-
tion of motors, which, I think, is a great step forward.

Mr. A. P. M. FLEMING : I should be glad to have further Mr.
information on some minor points. On the last page of Fle!ning-
the paper the author says, "the question of insulating
motor and control for such high voltages would also
appear to be less serious than might have been expected."
One would like to know what is meant by " less trouble
than might have been expected." Personally I should
expect a great deal of insulation trouble with these high
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voltages, particularly in view of the extremely exacting
conditions of railway services in regard to moisture, dust,
and oil. In this connection I should be glad to know
whether the maintenance costs are likely to be much
increased for voltages of 3,000 or 5,000. It would also
be interesting, though it is outside the scope of the paper,
to hear whether the mercury-vapour control mentioned is
really successful, what the limits of its use are, and at
about what voltage it becomes economically desirable to
use such an apparatus.

Mr. C. H. WORDINGHAM : I am very interested in stand-
ardization, but it must be recognized that directly we
standardize anything we limit progress to a certain extent.
It depends a great deal of course on how we standardize.
For general standards, such as the Engineering Standards
Committee deal with, it is essential that we should confine
standardization chiefly to questions of interchangeability
and not attempt to standardize design. In connection
with railway work a great deal can be done in the way
of standardization, and in the particular work in which
I am interested it does pay to standardize details which
can be common to various items of plant without restrict-
ing design too much, but if we go in for a rigid standardiza-
tion, mechanical and electrical, then the danger of stifling
progress is very serious.

Mr. J. S. PECK (in reply on behalf of the author) : Any
remarks I make in reply to the discussion should be taken
as expressing merely my own opinions; the author's reply
will be published later in the Journal. Mr. Barnes does
not think it advisable at present, to standardize voltages.
I agree that it is not possible to standardize completely
at present, for by doing so we might seriously hamper
progress ; but if we were to adopt certain provisional
standards, say 600, 1,200, and 2,400 volts, or whatever
pressures were considered to be desirable, it would pre-
vent one railway company adopting, say, 1,200 volts and a
neighbouring company some other voltage which might at
the moment seem to possess some special advantage.
Unless some effort is made to standardize we shall very
soon have the same multiplicity of voltages that exists in
the United States, where pressures of 500, 600, 750, 1,200,
1,500, 2,400, 3,000, and 5,000 volts are in use. In this
country we have already 600 volts, which is more or less
the standard for the lower pressures, 1,200 volts on the
Lancashire and Yorkshire Railway, and 1,500 volts on the
North-Eastern Railway. Mr. Barnes says it is not a very
serious difficulty, because if two railways use different
voltages they need not interchange electric motor coaches
but can get over the difficulty to a certain extent by using
electric locomotives, each company operating its loco-
motives over its own system only. To me this seems a
very incomplete solution of the problem. If the railways
are ever amalgamated one of the first things to be done
will be to adopt a standard voltage, which will necessitate
" scrapping" a large amount of expensive equipment.
Why should not a standard voltage be adopted, as would
be the case if all the railways of the country were under
one management ? Mr. Barnes also referred to the multi-
plicity of switches in Fig. 7 ; I think the author used that
as an example of what we might require if we continued
to increase the number of voltages. Dr. Cramp asked
why the shunt motor is more sensitive to fluctuations in
line voltage. The self-induction of the field of the shunt

motor, owing to the large number of turns of fine wire, is Mr. Peck,
of course very much higher than that of the series motor
with a few turns of large wire. If the pressure is removed
from the line and then suddenly switched on again, or
whenever there are large fluctuations in the line voltage,
there is a tendency for very large rushes of current to
occur. The field of the shunt motor is sluggish in building
up, and the very heavy armature current distorts the field
and is apt to produce flashing. Dr. Cramp complains
that Fig. 4 is too elementary and should not have been
published. It seems to me to be a very useful figure,
as it indicates in such a perfectly clear manner what it
was intended to show, namely, the height to which the
track at the station must be elevated in order to bring
the train to rest without braking, when running at different
speeds. With regard to Fig. 5, the first curve shows the
total energy stored, and a certain amount of rotational
energy is taken account of. Curve 2 is the total available
stored energy, after deducting the amount remaining at a
speed of 10 m.p.h. Curve 3 shows the stored energy less
the loss due to resistance as the train slows down. The
lowest curve is simply the amount of energy which can be
returned to the line assuming 80 per cent efficiency in the
motors. Professor Marchant wants to know the maximum
current which can be collected from a trolley wire. The
figure varies a good deal and is dependent on the type of
trolley and on the size of the wire, but 250 to 300 amperes
I should say could be collected without much difficulty,
even at high speeds. I saw an advertisement a short
time ago of a double pantograph trolley which could
collect 4,000 amperes when running at 40 m.p.h. The
experiment which Professor Marchant describes, of run-
ning a small 3,000-volt commutator under compressed air,
is very interesting ; I do not know of any test of a similar
nature having been made elsewhere. It is well known
that compressed air is an excellent insulator, and its use
has been suggested in connection with transformers in
order to stop static discharges. Mr. Fleming referred to
the author's statement on the last page as to the trouble
with control equipment. I think the author means that
they expected a certain amount of trouble with the
5,000-volt control equipment and they had not experi-
enced any. In a letter to me he states that the only
difficulties experienced so far have been due to earths
on the resistances when running through slush and snow.
That, however, was very easily remedied. As to main-
tenance costs, no figures are available at present, I think,
even for the 2,400-volt or 3,000-volt equipments ; it is
difficult to get such information when a new road is first
put into service. Experiments have been carried on for
many years with the mercury-vapour converter, and the
apparatus appears to be almost in commercial shape. I
understand that a number of these converters are running
in parallel with 600-volt rotary converters for supplying
railway lines, but it is very difficult to get any definite
information. Mr. Fleming also asked at what voltage it
was customary to adopt the insulated return. As far as I
know, an insulated return is only used where there is fear
of electrolysis on water mains, gas pipes, or other steel
structures, and of course the higher the current the
greater is the danger from electrolysis.

(Mr. STORER'S reply to the discussion will be published
in a later issue.)




